Background. Plasmodium falciparum reticulocyte-binding protein homologue 5 (PfRH5) is a blood-stage parasite protein essential for host erythrocyte invasion. PfRH5-specific antibodies raised in animals inhibit parasite growth in vitro, but the relevance of naturally acquired PfRH5-specific antibodies in humans is unclear.
million deaths annually, mostly among African children [1, 2] . Efforts to control malaria are threatened by the emergence of drug-resistant parasites [3] and insecticide-resistant mosquitoes [4] , and therefore the development of a malaria vaccine is widely viewed as a critical step toward reducing malaria morbidity and mortality. In recent years, the malaria research community has shifted focus from vaccines that would mitigate symptoms caused by blood-stage infection to those that would induce sterile immunity by targeting parasites during the pre-erythrocytic stages [5] or block transmission of the sexual stages [6] . This shift has been driven in part by the failure of blood-stage vaccine candidates to reliably confer protection from malaria in clinical trials [5] -a setback attributed to the polymorphic nature of many blood-stage antigens [7, 8] and redundant erythrocyte invasion pathways [9] .
However, cautious enthusiasm for blood-stage vaccines has been rekindled by the discovery of the P. falciparum reticulocytebinding protein homologue 5 (PfRH5). PfRH5 is essential for merozoite invasion of erythrocytes [10] [11] [12] , and attempts to disrupt the gene encoding PfRH5 have failed to produce viable parasites [10, 11] . Moreover, antibodies raised in animals against either PfRH5 [13] [14] [15] or its erythrocyte receptor basigin [12] inhibit parasite invasion into erythrocytes in vitro. In contrast to other blood-stage vaccine candidates such as P. falciparum merozoite surface protein 1 (PfMSP1) and apical membrane protein 1 (PfAMA1), which are highly polymorphic and immunogenic [16] [17] [18] [19] , PfRH5 has limited genetic diversity among clinical P. falciparum isolates [20] and has demonstrated poor natural immunogenicity in Kenya [13] . Thus, the functional and clinical relevance of naturally acquired PfRH5-specific antibodies in humans still remains unclear.
In this prospective study of children and adults in Mali, we sought to determine whether naturally acquired antibodies specific for PfRH5 are associated with protection from malaria and inhibit P. falciparum growth in vitro.
MATERIALS AND METHODS

Study Design and Participants
This study was conducted in Kalifabougou, Mali, where intense P. falciparum transmission occurs from June through December [21] . We enrolled 695 healthy children and adults, aged 3 months to 25 years, in May 2011 and followed them through the ensuing malaria season until January 2012. The disproportionate sample size of age groups reflects the design of this ongoing study of malaria immunity that focuses on older children as they transition from malaria susceptibility to immunity. Exclusion criteria at enrollment included a hemoglobin level <7 g/dL, axillary temperature ≥37.5°C, acute systemic illness, underlying chronic disease, use of antimalarial or immunosuppressive medications in the past 30 days, or pregnancy.
Clinical malaria was defined as any level of parasitemia, an axillary temperature of ≥37.5°C within 24 hours, and no other cause of fever discernible by physical exam. The primary endpoint was the time between the first polymerase chain reaction (PCR)-detected P. falciparum blood-stage infection and the first or only febrile malaria episode. A secondary endpoint was recurrent malaria episodes. We also explored secondary definitions of malaria using parasite density thresholds of ≥500, ≥2500, and ≥5000 parasites/µL.
Malaria episodes were detected prospectively by self-referral to the study clinic and weekly active clinical surveillance visits.
All individuals with signs and symptoms of malaria and any level of parasitemia detected by microscopy were treated according to the Malian National Malaria Control Program guidelines.
Sample Collection
Blood Smears
Thick blood smears were stained with Giemsa and counted against 300 leukocytes. Parasite densities were recorded as the number of asexual parasites per microliter of blood based on a mean leukocyte count of 7500 cells/µL.
Blood Samples
At enrollment in May 2011 and at the end of the malaria transmission season in January 2012, blood samples were drawn by venipuncture into sodium citrate-containing Vacutainer tubes (BD). Plasma was separated by centrifugation and cryopreserved. Hemoglobin typing was performed with a D-10 instrument (Bio-Rad). Baseline hemoglobin values, measured by a HemoCue analyzer, were used to determine anemia status based on World Health Organization criteria [22] . During scheduled clinic visits (2-week intervals for 7 months), blood was collected by fingerprick onto 903 filter paper (Whatman) for PCR analysis.
Detection and Quantification of P. falciparum Infections
Detailed methods for the detection and quantification of P. falciparum by PCR have been described [21] . In brief, for each participant, nested PCR was performed to amplify parasite DNA directly from filter paper blood spots in chronological order until the first P. falciparum infection was detected. Individuals who were PCR positive at enrollment were excluded from further analysis. Quantitative real-time PCR was then performed on nested PCR-positive samples (ie, the first PCRpositive sample for each individual). Calculated parasite densities were estimated from cycle thresholds as previously described [21] .
Recombinant Proteins and Immunoglobulin G Antibody Responses to PfRH5 and PfAMA1
Methods for recombinant protein expression and determination of immunoglobulin G (IgG) responses by enzyme-linked immunosorbent assay (ELISA) were adapted from published protocols [12, 13, 23] and are described in the Supplementary Data. Antibody levels were expressed in arbitrary units (AU), where an AU of 1 is defined as the mean optical density (OD) value plus 3 standard deviations for 20 malaria-naive US donors. Individuals with antigen-specific AU ≤1 or AU >1 were defined as nonresponders or responders to that antigen, respectively. PfAMA1-specific IgG responses were categorized as AU ≤1, AU 1.01-100, or AU >100 for statistical analyses.
IgG Preparation and P. falciparum Growth Inhibition Assays
Methods for preparing total IgG and antigen-specific IgG from plasma and for performing the growth inhibition assays (GIAs) have been described previously [24, 25] as outlined in the Supplementary Data. GIAs were performed on P. falciparum (3D7 and FVO) with PfRH5-specific IgG, the flow-through fraction, or total IgG from US donors.
Microsatellite Analysis
To determine the multiplicity of infection, which represents the number of simultaneous P. falciparum infections in an individual, we performed microsatellite analysis using previously described methods [26] as outlined in the Supplementary Data.
Statistical Analysis
The use of specific statistical tests and methods are indicated in the Results. A detailed description of data analysis can be found in the Supplementary Data. Statistical significance was defined as a 2-tailed P value of <.05. All analyses were performed in R version 2.15.1 (http://www.R-project.org) or Prism 5.0d (GraphPad Software).
Ethical Approval
The Ethics Committee of the Faculty of Medicine, Pharmacy and Dentistry at the University of Sciences, Technique and Technology of Bamako, and the Institutional Review Board of the National Institute of Allergy and Infectious Diseases, National Institutes of Health approved this study. Written informed consent was obtained from adult participants and from the parents or guardians of participating children. The study is registered on http://www.clinicaltrials.gov (NCT01322581).
RESULTS
Study Population and Clinical Malaria Episodes
Of 695 individuals enrolled, 645 (93%) had complete followup, and 370 individuals (53%) were PCR-negative for Plasmodium blood-stage infection at enrollment just before the malaria season. Of these, 357 had samples available for serological analysis (Figure 1 ). Baseline characteristics of these individuals are shown in Table 1 . During the 7-month study, 294 individuals (82%) became PCR-positive for P. falciparum infection. Of these, 19 children who were <6 months old were excluded from risk analysis to remove confounding by maternal antibodies. Among the remaining 275 individuals included in the analyses (Figure 1 ), 213 individuals experienced ≥1 P. falciparum malaria episode using the primary case definition, with 359 total episodes.
Baseline Characteristics of PfRH5 Nonresponders and Responders
At baseline, 57 of 357 individuals (16%) had PfRH5-specific IgG AU >1 before the malaria season and were classified as PfRH5 responders. Sex and sickle cell trait (HbAS) were similarly distributed between PfRH5 responders and nonresponders (Table 1) . Fewer PfRH5 responders were anemic (14% vs 34%; P = .003). Compared to nonresponders, PfRH5 responders were significantly overrepresented in older groups (P < .001; Table 1 ) and among those with higher PfAMA1-specific IgG levels (P < .001; Table 1 ).
Acquisition of PfRH5-Specific Antibodies and Relationship to Age, P. falciparum Transmission, and Placental Transfer
In areas of intense P. falciparum transmission such as Mali, clinical immunity to malaria and P. falciparum-specific antibodies are acquired gradually over years of repeated infections [27] . Like antibody responses to PfAMA1, PfRH5-specific IgG levels increased with age, albeit at a slower rate, with significant increases occurring by 7-9 years of age, compared with 4-6 years of age for PfAMA1 (Figure 2A and 2B). In general, PfRH5-specific IgG levels were approximately 2 orders of magnitude lower than PfAMA1-specific antibodies by semiquantitative comparison of median OD values (Figure 2A and 2B). The percentage of positive responders (seroprevalence) was lower for PfRH5 than for PfAMA1 overall (16% vs 83%, respectively) and within each age group ( Figure 2C ).
To determine the extent to which vaccine-induced PfRH5-specific IgG levels might be boosted by natural infection, we compared PfRH5-specific IgG levels before and after the malaria season. PfRH5-specific IgG levels significantly increased after the malaria season, and fold-changes were similar to that of Figure 2D ).
Whereas the seroprevalence of PfAMA1-specific IgG in infants aged 3-5 months (93%) was similar to that of adults (100%)-consistent with IgG transfer across the placenta-we observed no evidence of maternally derived PfRH5-specific IgG in the same infants ( Figure 2C ). Given the variable efficiency with which IgG subclasses cross the placenta (IgG1 ≈ IgG4 > IgG3 > IgG2) [28] , we hypothesized that PfRH5-specific IgG would be enriched in IgG3, in contrast to PfAMA1-specific IgG1 enrichment [29, 30] . Indeed, we observed that the predominant PfRH5-specific IgG subclass is IgG3 (54% of PfRH5 responders), whereas IgG1 predominates the PfAMA-1-specific IgG response ( Figure 2E ).
PfRH5-Specific IgG and Protection From Febrile Malaria
To minimize the potential confounding that results from heterogeneity in exposure to infective mosquito bites [31] , we restricted the analysis of malaria risk to individuals with a documented blood-stage infection during the study period (n = 275 [77%]; Figure 1 ). Using the enrollment date as the start time for risk analysis, the Kaplan-Meier estimator revealed a significant delay of 34 days in median time to first malaria episode in PfRH5 responders compared to nonresponders (168 days [95% confidence interval {CI}, 142-240 days] vs 134 days [95% CI, 122-144 days], respectively; P = .004; Figure 3A ). In contrast, using the time of first P. falciparum blood-stage infection as the start time, the difference in median time to first febrile malaria episode between PfRH5 responders and nonresponders increased to 53 days (71 days [95% CI, 21-229 days] vs 18 days [95% CI, 14-29 days], respectively; P = .001; Figure 3B ). The presence of PfRH5-specific IgG before the malaria season was associated with a reduced prospective risk of malaria even after controlling for covariates by Cox regression (hazard ratio, .62 [95% CI, .41-.94]; P = .02; Table 2 ). As expected, age was also associated with a reduced risk of malaria (Table 2 ). Hazard ratio estimates of malaria risk using secondary definitions of malaria (ie, different parasite density thresholds) are shown in Table 2 .
Using the Andersen-Gill model with a robust variance estimator [32] , the presence of PfRH5-specific IgG before the malaria season was also associated with protection from malaria when all malaria episodes for each individual were taken into account. The occurrence rate ratio for all episodes of malaria in PfRH5 responders was .71 (95% CI, .52-.98; P = .03; Table 3 ). PfRH5-specific IgG was also significantly associated with reduced malaria incidence when a parasite density threshold of ≥500 parasites/µL was used, but not for thresholds of ≥2500 and ≥5000 parasites/µL (Table 3) .
Effect of PfRH5-Specific IgG on Parasite Density and Multiplicity of Infection
The transfer of purified IgG from malaria-immune adults to children with febrile malaria rapidly reduces parasitemia [33] . We therefore hypothesized that individuals with PfRH5-specific IgG would have lower parasite densities at the first PCR-detectable blood-stage infection. Indeed, PfRH5 responders had lower median calculated parasite densities than age-and sex-matched nonresponders (1000 parasites/µL [IQR, 31-24 000]; 15 000 parasites/µL [IQR, 770-180 000], respectively; P = .01; Supplementary Figure 1A ). However, multiple linear regression analysis identified age, HbAS, and fever at the time of detection as significant independent predictors of parasite density, but not PfRH5-specific IgG levels (Supplementary Table 1) .
Because the gene encoding PfRH5 is relatively conserved across geographically disparate parasite isolates [20] and elicits broadly inhibitory antibodies [13] [14] [15] , we hypothesized that PfRH5 responders would have fewer parasite clones at their first malaria episode. However, the MOI at the first malaria episode was not statistically different between PfRH5 nonresponders and responders (median MOI, 1.0 alleles [IQR, 1.0-2.5] and Figure 2 . Naturally acquired immunoglobulin G (IgG) specific for PfRH5 and PfAMA1 increases with age and is boosted by Plasmodium falciparum transmission. Semiquantitative levels of immunoglobulin G (IgG) specific for PfRH5 (A) and PfAMA1 (B) in plasma samples from 357 Malians across age groups, as indicated by background-subtracted optical density (OD 450 nm) in enzyme-linked immunosorbent assay. Boxes enclose interquartile range, central lines represent medians, whiskers indicate the 5th-95th percentile, and dots are outliers. Between-group differences were assessed by the MannWhitney test. C, Seroprevalence of IgG with arbitrary units (AU) >1 specific for PfRH5 or PfAMA1 across the indicated age groups, where an AU of 1 is defined as the mean OD value plus 3 standard deviations for 20 malaria-naive US donors. D, Fold-change in PfRH5-specific and PfAMA1-specific IgG levels from before to after a single malaria transmission season in 50 individuals who began the season uninfected and had ≥1 P. falciparum infection between May 2011 and January 2012. Each individual was tested for both antigens. Fold-change relative to a baseline of 1 was compared by the Wilcoxon signedrank test. Fold-change differences between PfRH5 and PfAMA1 were compared by the Mann-Whitney test. E, PfRH5-specific IgG subclass responses in AU among PfRH5 responders (n = 48) and PfAMA1 responders (n = 64) with seroprevalence for each antigen-specific IgG subclass shown below. Central lines represent medians, and error bars indicate the interquartile range. **P < .01; ***P < .001; ****P < .0001. Abbreviations: AU, arbitrary units; IgG, immunoglobulin G; NS, not significant; OD, optical density; PfAMA1, Plasmodium falciparum apical membrane protein 1; PfRH5, Plasmodium falciparum reticulocyte-binding protein homologue 5.
1.0 alleles [IQR, 1.0-2.0], respectively; P = .87; Supplementary Figure 1B ).
Inhibition of P. falciparum Growth In Vitro by Naturally Acquired PfRH5-Specific IgG
To investigate the functional activity of naturally acquired PfRH5-specific IgG, we initially performed antigen reversal GIA experiments (described in [34] ) using individual plasma samples from PfRH5 responders but failed to observe reversal of GIA with recombinant PfRH5 (data not shown). We then assayed the in vitro growth-inhibitory activity of affinity-purified PfRH5-specific IgG from plasma pooled from PfRH5 responders. Pooling of plasma was necessary given the limited availability of plasma and generally low PfRH5-specific IgG reactivity. Purified PfRH5-specific IgG inhibited growth of homologous 3D7 parasites in vitro with an Ab 50 (IgG concentration that demonstrates 50% inhibition in the GIA) of 55 µg/mL, whereas the flow-through fraction and IgG from non-malaria-exposed US donors demonstrated no inhibition ( Figure 4 ). By ELISA, we determined that approximately 0.4 ng/mL of purified PfRH5-specific IgG gave an AU = 1 (Supplementary Figure 2) . PfRH5-specific IgG at 150 µg/mL also demonstrated 52% growth inhibition of heterologous FVO parasites, with <3% inhibition demonstrated by flow-through and US-donor IgG at the same IgG concentration (data not shown).
DISCUSSION
The merozoite protein PfRH5 is an attractive candidate for a blood-stage malaria vaccine given its essential role in erythrocyte invasion [12] , limited sequence polymorphisms [20] , and ability to induce broadly inhibitory antibodies after animal immunization [13] [14] [15] . Here, we show that despite the relatively low immunogenicity of PfRH5, the presence of PfRH5-specific IgG immediately before the malaria-transmission season correlated with a delayed time to the first febrile malaria episode and reduced the overall prospective risk of febrile malaria during the ensuing malaria season. In doing so, we applied a novel strategy for assessing the prospective risk of malaria that improves the statistical power to detect associations between immune responses to blood-stage infection and clinical protection from malaria. Importantly, we also provide evidence that naturally acquired PfRH5-specific antibodies are biologically active against P. falciparum in vitro. Consistent with a recent study in Kenya [13] , we observed that IgG reactivity to PfRH5 is approximately 2 orders of magnitude lower than IgG reactivity to PfAMA1. Moreover, only 16% of individuals in this study had PfRH5-specific IgG levels above the positivity threshold. Despite low immunogenicity, PfRH5-specific IgG levels increased in an age-and exposuredependent manner and were boosted by natural P. falciparum infections in a manner similar to antibody responses to other blood-stage antigens [35] [36] [37] . Taken together, this implies that PfRH5-specific antibody responses are short-lived and rapidly decrease during the dry season in the absence of parasite exposure. Seasonal malaria transmission may partially explain why PfRH5 seroprevalence in our study (16%) is lower than that observed in a recent study conducted in Papua New Guinea (53%), where antibody levels were assessed at the end of the high-transmission season [38] . Curiously, the absence of detectable PfRH5-specific IgG in young infants suggests that maternally derived PfRH5-specific IgG may either be short-lived and/or less efficiently transferred across the placenta relative to PfAMA1-specific IgG. In support of the latter hypothesis, we observed that PfRH5-specific IgG responses were enriched in IgG3. Relative to IgG1, which characterizes the PfAMA1- Abbreviations: AU, arbitrary units; CL, confidence limit; HR, hazard ratio; PfAMA1, Plasmodium falciparum apical membrane protein 1; PfRH5, Plasmodium falciparum reticulocyte-binding protein homologue 5. a Start time for analysis was first polymerase chain reaction-confirmed Plasmodium falciparum blood-stage infection. Risk of first or only malaria episode was adjusted for age, PfAMA1 immunoglobulin G levels, sickle cell trait, and anemia status in the classic Cox model. Abbreviations: AU, arbitrary units; CL, confidence limit; HR, hazard ratio; PfAMA1, Plasmodium falciparum apical membrane protein 1; PfRH5, Plasmodium falciparum reticulocyte-binding protein homologue 5; RR, rate ratio. a Start time for analysis was at study enrollment. Risk of recurrent malaria episodes was adjusted for age, PfAMA1 immunoglobulin G levels, sickle cell trait, and anemia status using the Andersen-Gill extension of the Cox model.
specific IgG response ( Figure 2E ) [29, 30] , IgG3 is transferred across the placenta less efficiently [28] . Despite the low immunogenicity of PfRH5, detectable PfRH5--specific IgG was associated with an increased time between the first PCR-detectable P. falciparum blood-stage infection and the first or only febrile malaria episode, corroborating the recent findings in Papua New Guinea [38] . We further show that PfRH5 responders had reduced risk of recurrent malaria episodes during the study period. The association between PfRH5-specific IgG and reduced malaria risk was independent of factors associated with malaria risk and cumulative P. falciparum exposure. In contrast to a recent meta-analysis [39] , we did not observe a significant association between PfAMA1-specific IgG and protection from malaria, whether levels were analyzed in multivariate analysis as a categorical (Tables 2 and 3) or continuous variable (data not shown). One possible explanation for this discrepancy is that the protective effect of AMA1-specific IgG in the meta-analysis was only observed in those with asymptomatic P. falciparum infection at the time of serological sampling [40] , whereas in the present study individuals with asymptomatic infection at baseline were excluded, as this is a known predictor of decreased malaria risk within this population [41] . Alternatively, IgG specific for the more conserved PfRH5 protein may neutralize erythrocyte invasion by diverse parasite clones at lower IgG levels, whereas higher IgG levels may be required to broadly neutralize the more polymorphic PfAMA1 protein [19] .
Importantly, individuals who did not have a documented P. falciparum blood-stage infection during the study period were excluded from the analysis of malaria risk. This strategy ensured that individuals who lacked proof of exposure to blood-stage parasites were not misclassified as being clinically immune to malaria. In this study we also applied an approach for assessing malaria risk in which the "at-risk" period began at the point of the first PCR-detectable blood-stage infection. This strategy is conceptually similar to an approach applied in Uganda, in which malaria risk was assessed after smear-confirmed parasitemia [42] . Both approaches differ from the more common method of assessing malaria risk from the time of study enrollment. Although more resource intensive, our strategy increases statistical power by decreasing the variability in the pre-infection interval ( Figure 3B) .
Clinical malaria episodes have been linked to the emergence of novel parasite clones capable of escaping host blood-stage immunity [43] . Because PfRH5 is relatively conserved, one might expect a restricted number of circulating "escape" clones in PfRH5 responders who experience clinical malaria. However, we failed to see any difference in MOI at the first malaria episode between responders and nonresponders, possibly due to lack of statistical power. Other possible explanations include the inability of PfRH5-specific antibodies to restrict the number of escape clones during a clinical episode, rapid waning of PfRH5-specific IgG to subprotective levels prior to the clinical episode, and/or limited genetic diversity among parasites circulating at the study site. The first explanation is not supported by previous work, which showed that a single PfRH5 allelic variant can elicit broadly neutralizing antibodies [13] [14] [15] .
Adequate titers of blood-stage antibodies should theoretically reduce parasite densities to subclinical levels. Although PfRH5 responders had lower parasite densities during the first malaria episode, this effect did not remain statistically significant in multivariate analysis, possibly due to lack of statistical power. Although speculative, it is also possible that PfRH5-specific IgG exerts a stronger anti-disease than anti-parasite effect. The PfRH5 receptor basigin is expressed on many cells of the human immune system [12] , and it is possible that antibodies targeting PfRH5 disrupt immunomodulatory PfRH5-basigin interactions. This is one of the first studies to demonstrate that human PfRH5-specific antibodies induced by natural infection have parasite-inhibitory activity in vitro and is consistent with a recent study showing parasite-inhibitory activity of PfRH5-specific IgG purified from Senegalese adults [44] . Human PfRH5-specific IgG, with a GIA Ab 50 of approximately 55 µg/mL here, appears to be more potent than PfAMA1-and PfMSP1-specific IgG, which have published GIA Ab 50 values of approximately 100 µg/mL and approximately 620 µg/mL, respectively [45] . We also demonstrated GIA activity of PfRH5-specific IgG against the heterologous FVO parasite, which differs from 3D7 by 4 amino acid residues within PfRH5 [10] . Although the percentage of inhibition by PfRH5-specific IgG at 150 µg/mL was lower for FVO than for 3D7 parasites (52% and 75%, respectively), this may Figure 4 . Affinity-purified, human PfRH5-specific IgG inhibits growth of Plasmodium falciparum parasites (3D7) in vitro. Growth inhibitory activity was assessed on P. falciparum 3D7 parasites using PfRH5-specific IgG affinity purified from uninfected, Malian donors; the IgG flow-through fraction; or IgG purified from US donors at IgG concentrations from 2.34 to 150 µg/mL. Data points represent the mean of duplicate wells from 1 experiment. Error bars represent standard deviations. Some error bars are not visible on this scale due to small standard deviations. Abbreviations: IgG, immunoglobulin G; PfRH5, Plasmodium falciparum reticulocytebinding protein homologue 5.
reflect degradation of the PfRH5-specific IgG preparation rather than a strain-specific effect, as the FVO experiments were performed subsequent to the 3D7 experiments using frozen-thawed IgG. Of note, the in vitro PfRH5-specific IgG Ab 50 is approximately 4 orders of magnitude greater than the concentration of PfRH5-specific IgG we observed in plasma samples from study volunteers. The relationship between clinically significant levels of RH5-specific IgG in vivo and the Ab 50 measured in vitro remains to be determined.
Naturally acquired IgGs specific for several P. falciparum blood-stage antigens have been variably associated with protection from malaria in prospective cohort studies [39] , but none have demonstrated broad protective efficacy as vaccine candidates in phase 2b trials [7, 46, 47] . Thus, even in this rigorously conducted prospective study, the association between PfRH5-specific IgG and reduced malaria risk must be interpreted cautiously. Importantly, in this study, several individuals with detectable PfRH5-specific IgG experienced clinical malaria, and not all protected individuals had detectable PfRH5-specific IgG (Figure 3 ), indicating that PfRH5-specific IgG is not necessary or sufficient to protect from malaria. Thus, further studies are needed to address the quality and kinetics of naturally acquired PfRH5-specific antibodies and to determine if other protective factors coassociate with PfRH5-specific antibodies. Because PfRH5 is believed to form a complex with at least 1 other merozoite protein [48] , coevaluation of antibody responses specific for PfRH5-interacting proteins, as was conducted in Papua New Guinea [38] , may provide important insights.
In summary, this study demonstrates that naturally acquired PfRH5-specific IgG inhibits parasite growth in vitro and is associated with protection from malaria. These findings strongly support the development of PfRH5 as an urgently needed blood--stage vaccine candidate, possibly as a component of a multiantigen, multistage malaria vaccine.
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